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f> |' The form factors for the B — ► tt transition are evaluated in the entire momentum transfer 

range by using the constraints obtained in the framework combining the heavy quark expansion and 
chiral symmetry for light quarks and the quark model. In particular, we calculate the valence quark 
| contributions and show that it together with the equal time commutator contribution simulate 

a B— meson pole q 2 — dependence of form factors in addition to the usual vector meson B*— pole 
£Nj ' diagram for B — > nlu in the above framework. We discuss the predictions in our model, which 

> \ provide an estimate of \V ub \ 2 . PACS number(s): 13.20.-V, 12.39. Ki 
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I. INTRODUCTION 

o . 

There has been great interest in the study of semileptonic decays of heavy mesons as they provide a testing ground 
for heavy-quark effective theory (HQET). The symmetry underlying this theory allows to derive model independent 
predictions for the form factors near the zero recoil point. On the other hand for heavy -to-light semileptonic 
fS ,' transitions, there exists no symmetry principle to guide us. However, here the heavy quark expansion can be combined 
with chiral symmetry and PCAC for final pseudoscalar mesons We focus on B — > nlv which is important for 

the evaluation of the CKM matrix element V u b- 

There have been many calculations flj-prj] for B — ► nlv form factors, using different approches, in the past. In this 
paper we follow the approach used in ref. 4. In B — > ixlv decay , the vector meson pole B* , with mass degenerate 
with B in the heavy quark symmetry limit, dominates the transition amplitude at the zero recoil point. We calculate 
the valence quark contribution, and find that it together with the equal-time contribution is as important as the 
B*— meson pole dominance of the form factors since the former two simulate a B— meson pole like q 2 dependence of 
the form factors. We perform this calculation in a framework compatable with chiral symmetry and eliminate the 
B-meson bound state function in favor of B-meson decay constant fg which can likewise be calculated in the valance 
quark approximation. This procedure gives us form factors for q 2 in the range determined by E v < A (~ 1 GeV) , 
where A is some interaction scale, below which chiral symmetry should be valid. This constraint is then built into an 
extrapolation function for / + (g 2 ) which determines /+ (q 2 ) in the entire q 2 — range. Finally, we compare our results 
with some of the earlier calculations and also obtain an estimate of \V u b\ by using CLEO data. 

II. CURRENT ALGEBRA CONSTRAINTS 

The relevant hadronic matrix elements for the B — > nlv decay is defined as 
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T, = (n + (k)\(V,)\B°(P)) 
= /+(t)(P + *)„+/-(*)?!• 



(1) 



with V/j, the weak vector current = uj^b and q — p — k,t — q 2 . Following Ref. 4, the current algebra constraint at 
k 2 = (but not k = 0) is 



, ik x rt* R »\ fs k x ~ 

Tfi = — [ — Mf„ + Tp + if Plt - i—M^ 

Jrr J J-k Jrr 



(2) 



where the tilde denotes that B* pole terms have been seperated out from T M and from respectively, and = 
0.132GeV r . The third term on the right hand side of Eq.(||) comes from the equal time commutator. is defined as 

M v = i f d 4 x exp(ik ■ x) (0 \T {A\- l (x), F M (0)) | B°(P)) 



(3) 

where A\^ 12 is the axial vector current dr/xj^u. The term within the parenthesis in Eq. (Q) is easily evaluated to be 
— Sbbtt/b* / m % an d one obtains 



T ll =T?'+T ll 

_ 9B' Bit f B' 

~ M%.-t 



( P + k ) M B-ml 



gB'BnfB* Ib 1 UTt i ^ A TT 



(4) 



where one can identify M\ M as a source of corrections to the leading B* pole contribution. Next we identify such 
corrections, as valence quark conribution to M\^ which we evaluate in the next section. 



III. VALENCE QUARK CONTRIBUTION 

The valence quark contribtion is shown in Figure 1. Its evaluation gives 

~ f d 3 K A 

A " = 1 J J^f Ax ^ (5) 

where is the matrix element of Figure 1: 



A x , = -i ( A /2MB^V3^ B (K)i2 i (p 6 )(7 5 )^(pd) J ) x f^v r ( Pd )( lxl5 y r {mu 2 +k) 2 7 h,r m u n (p b ), 

\ \/ Z J V Pdo Pu m u 



Pbo 

(6) 



In equation (^j), the term within the parenthesis is the bound state wave function of B-meson, V3 being the color 
factor. We define the variables K = pf, — Vd, P = P& + Pd, so that K is the relative momentum and P is the centre 
of mass mometum of the bd system. Eq. (|6|) gives 



A Xfl = -ix/2m B ^V3,/^^—^ — 0b(K)-=— — 7 

V2 V PdoPbo vm h m d p z u - m z u 

x {-Tr(7x7 5 )(m„ + p u h,,(m b + p\)-y 5 (j> d ~ m d )} 

(7) 

The above —Tr is evaluated to be (m u — m d = m q ) 
4 {g\^{m 2 m b - m q p u ■ p b + m q p b ■ p d - m b p u ■ p d ) - mb(p ul iPd\ + Pu\Pdx) - m q p b \(p u - - m q p bfl (p u+ p d )\} (8) 
Working in the rest frame of i3-meson (P = 0) where 

K 2 2 \ 1/2 _M 2 +{r 



m, 



4 ' ' b J 2M B 

m 2 b - m 2 

An = . 

2M B 
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and 



(9) 



- ik X A^ = 4C(K) - 1 - {(a + 6q • K)fc p + (a' - 6q ■ K)(K - (10) 



Here 



<7(K) = V3,/ ^V 1 0bW, (11) 

V2 V PdoP&a 4TO b 77l d 



2 / 2 

q- 



M§ - (m 6 - m 9 ) 2 f 1 f _ ( _ s ^ g 



2 (m 6 +m g ) U-pa ) + 2r M ( 13 ) 



& = ^(m6-m 9 ) (14) 
«' = \ {M 2 B - (m 6 - m q f) (m& + m q ) (l - j^j (15) 

When Eq.(|lO|) is put in (^|) and the angular integration is carried out, one gets for example, 

f 1 a + bq-K (a-bL' L' + lqllKl ,1 , N 

2tt / H = 2n< , , n — lH \\ \ +2b\ (16) 

i^L' + q-K \ |q||K| L'-|q||K| / k ' 

Then, noting that if 0b(K) is of Gaussian type, |K| ~ dominates in the K— integration, so that we can expand the 
logarithm in Eq.([l6|) and thus this equation reduces to 

„ [a-bL 1 2|q||K| 1 t a 

Further 47r / K 2 dK 4>b(K) becomes J d 3 K ^>g(K), which is the Fourier transform of the wave function at the origin 
which we write as ^b(O). As far as the intergation involving is concerned, it is easy to see that the angular 

m 2 — m 2 

integration involving K gives zero while that over Kq gives AtvKq = Air — b , , 2 q Mb so that in the rest frame of 
B-meson the angular integration involving gives 4tt \ f2 q P^. Thus finally we obtian 



- ik x M Xfl = -4C(0) 

where 



a a' ( ml- m\ 

L' ^ L' I Ml » q » 



(18) 



C(0) = v / 2Mb-^^V^ ( M0) (19) 

Thus, writing fc p = (^2 ) — I^V" -^m = ("^2~^) M + I^M' we nnan y obtain the valence quark contribution to the form 
factors f± as 

,valcncc, 2^ 4C(0) J / mg - m 2 q \ ,\ 



2jirL I 

To eliminate 4C(0), we consider the matrix elements 



g-V)-jjff «+l mi ' K < 21 > 
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(0\A x \B(p)) = if B px (22) 
which, when evaluated in the same valence quark approximation employed for the calculation of —ik^ Mx^, give 

fB = ^^(rn b + m q )[M 2 B ~(m b -m q ) 2 ] (23) 

Then, using Eqs.([jI]-{D| [l5j) and @, we obtain from Eq.@ [n]) 



f valc„cc f 2s SB_ L 4m g M g 1 I r , 4) 

J+ ^ J 2U\ (m b + mq )(M 2 -(m b -m q ) 2 )l~q 2 /M 2 B f 

.valence/ 2s = _ /b L 4m,Af 2 1 I ( .,r, , 

J " [q ' 2U I (m 6 + m 3 ) (Ml - (m 6 - m,)*) 1 - g 2 /M 2 ' 



IV. COMBINED CONTRIBUTION TO F+(Q 2 ) IN THE CHIRAL SYMMETRY LIMIT 

Using Eq. (|) [t = q 2 ] , we obtain [f B . = M B f B ] @ 

f 1 4-\ JB i /•valence/ /\ , 9B*BttJbM B fnt>\ 

/+W -2^ +/+ W+ M*.-t (26) 

, ,,s _ !b , va lcncc/,s , 9B»Bk$bM B _ AfJ, - TO 2 9B' Bit Ib Mb 

; - W -2^ + / - W+ Ml, M 2 , M 2 ,-t {27) 



The coupling constant gs'B-n has been parametrized as 



AMb , x 

= -r^ (28) 

where A lies in the range 0.3 < A < 0.7. 

We combine the equal time contribution -0- with J™ lcncc (q 2 ~j and call it continum contribution: 

/r- tf) = ±a. A-J-j (29) 

while i?*-pole contributions, using the parametrization ( pq ) Ms* — Mb, m 2 = 0, are 

/— * (V) =-; / 

In Eq.@ 



^- A f| 1 + I^W (31) 



A, = r 4m * /mb ^ (32) 
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We wish to point out that the continum contribution to the form factors consisting of equal time commutator and 
valence quark contributions simulate a B— meson pole q 2 — dependence of form factors f± (g 2 ) . This seems to follow a 
general result in quark annihilation model |27j| of decay of a pseudoscalar meson into, for example, two photons when 
one photon is off mass shell. The q 2 dependence in this case is that of the pseudoscalar meson pole involved. Here both 
the currents are conserved. In our case the axial vector current to which ir— meson is coupled is partially conserved 
and this is reflected in the constant Jb/ fir in the valence quark contributions given in Eqs. (|24|) and (pq). But this 
is exactly cancelled by the equal time commutator contribution so that q 2 dependence of the continum contribution 
is given by B— meson pole, which is indistinguishable from the usual vector B* — meson pole contribution to f± (g 2 ) 
in the heavy quark symmetry limit (Mb* — Mb)- 
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The effect of continum contribution as defined above seems to change the parameter A in B* contribution to an 
effective one A e // = A + A c /2 so that 



2^ Jfir, , om 1 



^=W^ c + 2X] T^Jm% (33) 



- q 2 /M 2 

These formulae, as already noted, hold in the chiral limit i.e. for q 2 in the range determined by E n 
(m| + ml - q 2 ) /(2ms) < 1 GeV or for q 2 > 17 GeV 2 . 



(34) 



V. CHIRAL SYMMETRY CONSTRAINED MODEL FOR F+ (Q 2 ) IN THE ENTIRE MOMENTUM 

TRANSFER 

In order to impliment the constraint given in Eq.(|3^), we use the extrapolation function [^8| 

/+ (q 2 ) = — a (35) 

J+Kq > l-aq 2 /M 2 +b(q 2 /M 2 f 

2 ~ 1\,t2 



which involves three parameters /+(0), a and b. For E v ~ m, — > 0, or q 2 ~ M|, Eq.(p5[) should reduce to Eq.(|3_ 
which gives 

1 - a + b = (36) 
f+(0) = {f- (A C + 2A) (a -26) 

= If- (Ac + 2A) (1 - 6) (37) 
Thus the pole at g 2 = M| is factored out in Eq.(|35|) and we obtain 

/+ ^ = (l-q 2 /M 2 Ul ) ~bq 2 /M 2 ) (38) 

It is interesting to note that Eq.(38) implies that in the heavy mass and large E n (~S> 1 GeV or q 2 <C 17 GeV 2 ) 
limit, / + behaves like 1/E 2 in agreement with that found earlier in the HQET-LEET (large energy effective theory) 



formalism for heavy-to- light form factors |29(]. The Eq.(38) suggests that we may interpret the second factor in Eq.(|38|) 
as arising from a second pole at q 2 = M%, where Mb> is some effective mass, so that 

b =^~ (39) 
M%, v ; 



and 



/ + (0) = ^f [A C + 2A] l--f (40) 



It is tempting to interpret that the suppression factor (l — Mg/Mg,) in Eq.( f40|) and the second pole in Eq.(p8[) as 
arising from radial excitations of B* . Then making use of the formula of Ref. [|30|| , we find Mb'/Mb — 1.14 so that 
b ~ 0.77. To proceed further so as to obtain numerical estimates we make the following choice of other parameters: 
M B , w M B ^ 5.28 GeV, m q /m b = 0.063 and m b = 4.757 GeV §|, which give A c ~ 0.826. 

We need also the values for fs and A which have considerable uncertainity. We use Jb = 0.187 GeV and A = 0.5 
for our numerical predictions. Then from Eq.(|37|), we obtain /+(0) = 0.30. With the above choice of parameters, we 
plot the form factor of Eq.(^8|) in Fig. 2. Also shown for comparison are the B* pole contribution given in Eq.(gpJ), 
as well as the predictions obtained respectively from light-cone sum rules [^4] and on the light front . In Fig. 3 
we give the comparison of our prediction for / + (g 2 ) with f B = 0.150 GeV and those of || and || as well as that 
of a recent calculation [32] where the B — n transition form factors are obtained for the whole range of qsquare by 
using a different method of iterpolation between small and large values of q 2 . This figure also gives a comparison to 
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lattice QCD data [33]. In Fig. 4, we plot the pion momentum distribution in units of \V u b\ 2 while Fig. 5 gives the 
comparison of our prediction for this distribution with fg = 0.150 GeV and those in refrences || and Ifj). In each 
case we also give this distribution for the B* pole for comparison which shows that B* pole is a good approximation 
to the full form factors upto of ~ 1 GeV. 

Finally we calculate the branching ratio for B — > ttIv using the form factors given in Eq. (|38|) and /+(0) in Eq.(|4C 
with our choice of parameters, given previously. Our prediction is V = 13.7 |V^b| 2 ps _1 so that using tb — 1-56 ps we 
obtain for the branching ratio 

B(B°^k-1+v) ~2lA\V ub \ 2 (41) 

To indicate sensitivity of this result on values of A and Jb which we take 0.3 < A < 0.7 and 0.150 < /s < 0.187 GeV, 
we can express our prediction as 

B (B° -► n-l+v) ~ (20.0 ± 11.5) | Kb | 2 (42) 
With the CLEO measurement |m| , the result given in Eq.([il"|) means 

\V ub \ = (2.90 ± 0.48) x 10~ 3 (43) 
This is consistent with the result from exclusive decays quoted by the Particle Data Group 

\V ub \ = (3.3 ±1.1) x HT 3 

and that obtained from the inclusive decays | V ub /V cb \ = 0.08 ± 0.02 with V cb = 0.0395 : \V ub \ = (3.2 ± 0.8) x 10~ 3 . 



VI. CONCLUSION 



We have presented a framework in which constraints from chiral symmetry and quark model are used to predict 
the form factors for the exclusive B — > ix^l~v decay in the entire physical range of momentum transfer. The valence 
quark contribution is calculated in the chiral symmetry approach. This togather with the equal time commutator 
contribution simulate a B-meson pole g 2 -dependence of the form factors. This and B* pole contribution being obtained 
in chiral symmetry, are valid for < 1 GeV. This constraint is then implimented through the extrapolation function 
for f + (q 2 )- The resulting form factor, valid for the entire physical range for q 2 , represents a softening of B* pole 
behavior and the supression of the chiral coupling which can be interpreted as being provided by the radial excitation 
of B. 

The shape of the pion momentum distribution shown in Figs. 4 and 5 should be able to distinguish our model 
from the others. The predicted branching ratio for B — > irlv in unit of \V ub \ is sensitive to the values of A and Jb 
as examplified in Eq.(M3), once we select the b quark mass and the ratio m q /m b . We emphasize that uncertanities in 
the predicted branching ratio for B — » ixlv are due to uncertainities in the external parameters A and Jb and are not 
intrinsic to the model. 

With the CLEO measurement of the branching ratio for B — ► -kIv , our prediction ( |4l| ) with A = 0.5 and fs = 0.187 
GeV give \ V ub \ as in Eq.(p3|) which is consistent with the value quoted by the Particle Data Group. With some better 
knowledge of A, Jb and m b , the errors in form factors and the branching ratio can potentially be reduced. 
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VIII. FIGURE CAPTIONS 

Figure 1 Valence-quark contribution. 

Figure 2 The form factor / + (g 2 ) as a function of the momentum transfer t — q 2 . The solid curve is our prediction for 
A = 0.5 and Jb = 0.187 GeV. The dashed line is the B* — pole contribution as given in Eq. (30). The dotted 
and dashed-dotted lines are respectively the predictions of Refs. [23] and [24]. 

Figure 3 Same as those in Figure 2 but for fs — 0.150 GeV. The dashed-dotted, dotted and dash-dot-dot lines are 
respectively the predictions of Refs. [5], [6] and [32]. The data points correspond to lattice results [33]. 

Figure 4 The pion energy distribution in units of | V^f, | as function of pion energy. The dashed line is B* prediction. 

Figure 5 Same as in Fig. 4 for Jb — 0.150 GeV. The dashed-dotted and dotted lines are respectively the predictions of 
Ref. [5] and [6]. 
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